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smaller pulley, as the numbers of revolutions are in an inverse ratio 
to the radii of the pulleys. That  is, 

R nl Hence Rn ~ Rln 1. 
R~ n 

If  the belt is made up of two layers or thicknesses, so that such a 
belt of the same width as a single one contains the double cross sec- 
tion, we still may apply the upper formula, if we multiply it by ~}, 
owing to the greater stiffness of the belt. 

;Example. In order to transmit 4 horse powers, we have a pulley 
1 ft. 8 in. by 120 revolutions per minute. What should be the width 
of the belt'.~ 

N : 4 ;  R : l ~ f t . ;  n = 1 2 0 .  

2 250N 2 2 5 0 X 4  
w - -  3 nR - -  3 1 2 0 X  5-3 - -  3~ inches" 

For  the single belt we should have received: 

w : 3-2 X 3½ = 5 inches. 

COMPOUND AND NON-COMPOUND ENGINES, STEAM-JACKETS, ETC. 

B~ CHARLES E. EMERY, C. E., New York. 

(Continued from Vol. lxix, page 277.) 

(4 C.) I t  should be here observed that in the above comparison of 
the results of experiments with the steamer Bache and of the revenue 
steamers, the former shows more inferiority than can be attributed 
simply to the difference in size, and we are of the opinion that it was 
due somewhat to the quality of the steam furnished by the boilers. 
The boiler of the Baehe was constructed to give a high evaporation, 
and the combustion was so slow that the steam in the steam-chimney 
received practically little heat from the escaping gases. On the rev- 
enue steamers, the boilers were made to develop the maximum power 
for a given space--the tubes were shorter, the draft freer, and the 
experiments being tried at maximum power, the gases passed through 
the steam chimney at a higher temperature than on the Baehe, so that  
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the steam was more thoroughly dried. It  appears incidentally, then, 
that a boiler with a less evaporative power than another, may, within 
certain limits~ furnish steam of a better quality, and thereby produce 
increased economy in the engine. This is not fully demonstrated by 
these experiments~ as both the size of the engines and the~proportions 
of the boilers are different in the two series, but that there is some 
such compensation appears probable.* 

In these experiments, however, the higher evaporation in the boiler 
of the Bache, more than compensated for the loss of efficiency in the 
engine, the best results with the compound engine of the Bache and 
that of the Rush being as follows : 

Water actually used per I. H. P., per hour. 

Water actually evaporated per pd. of coal. 

Coal consumed per I. tt. p.~ per hour. 

BAeE~. RuSrL 

Table No. 1, Exp. 6. Table No. 2~ Exp. 1. 

(line46) 20"332 (line 53) 18'384 

(line 53) 9"131 , (line 63) 7'549 

(line 49) 2"227 (line 57) 2'435 

The presentation shows that while there may be an interesting sub- 
ject (which we shall investigate further), as to the compensation at- 
tainable in the engine by utilizing the waste heat of a boiler with low 
evaporative power, the higher evaporation will probably, as in this 
case, prove the better practically. Referring to Table 2, Exp. 1, line 
70, it will be seen that with an evaporation of ten pounds of water per 
pound of coal, (a result attainable under the conditions named), one 
horse-power, would have cost but 1"838 pounds of coal per hour. 

5. FaCONOMY OF STEAM AS INFLUENCED 13Y TfIE STEAM PRESSURES 

E~PLOYED.--The investigations with which we have been associated 
show invariably that, other things being equal, the higher the steam 
pressure the greater the economy. The saving, however, decreases 
rapidly, using ordinary engines, after a pressure of eighty pounds per 
square inch is reached, so much in fact that it is doubtful if pressures 
in excess of one hundred pounds would give a sufficient economy of 

~It is to be regretted that the quality of the steam was not tested in all the experi- 
ments by means of a calorimeter. The writer, previous to the trial of the Bache, de- 
veloped and put in practice a very simple apparatus fl)r the purpose, but it was thought 
that there was so much to be done in a limited time, that the solution of the more 
important problems could only be attempted. 
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fuel to counter-balance the extra expense in constructing and main- 
taining the boilers. We have little information as to what can be 
done at pressures above one hundred pounds, with engines particu- 
larly designed for the purpose, and it is probable that a saving of 
space occupied by the machinery might in some cases warrant the use 
of very high pressures even with ordinary engines. Within the limits 
of common practice, the saving by the use of the higher pressures is 
very important, and some valuable information on the subject may be 
obtained from the experiments under discussion. We first examine 
the results due to using different steam pressures in the same cylin- 
der. 

(5 A.) With the non-compound engine of the Dexter, we find (Ta- 
ble No. 2, line 76) comparing experiments 3 and 7, which show the 
minimum cost at the approximate steam pressures respectively of 70 
and 40 p0unds, that the power at latter pressure cost 20"73 per cent. 
more than at the former. This is at about the same degree of expan- 
sion, and therefore doing less work, with the less pressure. Were it 
necessary to do the same work, in the same cylinder, as is the case in 
practice, comparing runs 3 and 9, we find the power would cost 
33"24 per cent. more. 

(5 B.) Experiments 13 and i7 on the Bache (Table 1), made at the 
steam pressures of 78 and 31 pounds, respectively, show a cost for 
the latter 29"6 per cent. greater than for the former. 

(5 C.) In the case of the compound engine of the Rush (experi- 
ments 1 and 2, Table 2), made with the steam pressures of 69 and 37 
pounds, respectively, the cost of the power at latter pressure is 20"18 
per cent. greater than in the former. 

(5 D.) The results due to working steam of different pressures in 
engines properly proportioned to give the maximum economy for the 
pressure used, involves questions discussed in the next title. Refer- 
ring, however, to the results shown above, (5 A) an d (5 B), it may be 
observed that if the lower pressure of steam is to be used, it can bet- 
ter be done in a cylinder proportioned as above indicated, and such 
was very nearly the case in the Dallas. Comparing experiments 11 
and 3 (Table :No. 2), where the power is nearly the same, we find (line 
76) that the power in the low pressure engines of the Dallas cost 
13"01 per cent. more than in the high pressure condensing engine of 
the Dexter. 
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(5 E.) Above are shown, (5 A), (5 B) and (5 C) practical compar- 
isons of the results due to reducing the steam pressure in the same 
engine, which furnish a basis whereby we may account for the fact 
that compound engines in practical use show larger relative econo- 
mies, compared with simple engines, than we have ascertained by ex- 
periment. In high pressure condensing engines, the pressure for 
various reasons is seldom maintained regularly at the point designed. 
This occurs from two causes, viz., carelessness of the operating en- 
gineer and the improper adaptation, by the designing engineer, of the 
size of the engine to the work it has to do. The latter, when true, as 
is too often the case, partially excuses the fault of the former, which 
subject is discussed in the next title. It  is also true that no matter 
for what pressure the engine is designed, if it be intended to be oper- 
ated with considerable expansion, the engineer soon finds that his en- 
gine works smoother with a lower pressure and less expansion, and 
naturally thinking, as is too often the case, that his duties are suffi- 
ciently arduous, lets his pressure fall or partially closes his throttle- 
valve and lengthens the cut-off for the most trivial excuses, until 
finally, notwithstanding his education and instructions, he really be- 
lieves that it is exactly as well to work that way all the time. 

The general prejudice against high pressure is in his favor, and it 
is not uncommon to have somebody on the vessel boast that their en- 
gineer can run with less pressure than somebody else, which is ac- 
cepted as a matter to be proud of instead of being worthy of con- 
demnation. To be sure, the expense account for coal increases some- 
what, but it is attributed to the falling off due to continued service. 
I f  protestations of owners that something is wrong are repeated~ and 
direct orders given to work more expansively, the result generally 
proves a failure; sometimes through lack of interest, and numerous 
complaints about leaky boilers, &c., and at other times trials are made 
of higher pressures when the engine really has got out of order and 
no saving can be observed. I t  is a fact that if the pistons have be- 
come leaky, it is as economical to use a lower steam pressure as a 
high one. The true remedy in such case is to refit the pistons asd 
carry the pressure designed. We have of late, by the use of special 
arrangements~ found no difficulty in keeping pistons continuously 
tight at any pressure. 

(5 F.) With the compound engine, however, there are fewer me- 
chanical difficulties in working high steam, and in most cases it is 
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difficult to keep up the speed with low steam. For instance, examin- 
ing experiments 1 and 2 with the compound engine of the steamer 
Rush, it will be seen (Table 2, line 39) that the power at the lower 
pressure is much less than with the higher (168'6 to 266'5), so the 
engineer with an engine of proper size, would be obliged to increase 
the pressure to obtain sufficient power to propel his vessel at the speed 
designed. The result is that the average pressure carried for com- 
pound engines, even by careless engineers, is much higher than in sin- 
gle cylinder engines, and increased economy due to the steam pres- 
sure is obtained, independent of that due to the difference in engines, 
and we may expect to find in practice, as is commonly reported, that 
a compound engine operates with a saving of 20 to 25 per cent. com- 
pared with single engines using the same pressure, and that even more 
saving may be obtained when the single engine is greatly too large for 
its work, as hereinafter discussed. 

6. THE MOST ECONOMICAL POINT OF CUT-OFF FOR THE PRESSURE 

~MPLOYED.--When it is desired to obtain a given power, using steam 
of a given pressure, fixing the point of cut-off fixes also the mean 
pressure in the cylinder, and for a given speed of revolution, the size 
also of the cylinder required. Our experimental researches show that 
the most economical grade of expansion varies for every steam pres- 
sure, and is influenced somewhat by other conditions. 

The preceding tables have been condensed from the general tables, 
and show the mean pressures and costs of the power at different de- 
grees of expansion for the engines of the several steamers. 

Referring to Table 6 A, it will be seen that, with the engine of the 
Bache, operated non-compound, using an approximate steam pressure 
of 80 10ounds, expanded 5'11 to 12"62 times, the higher grades of ex- 
pansion were attended with positive loss, and by reference to Table 6 
B it will be seen that, with the single engine of the Dexter, using an 
approximate steam pressure of 70 pounds, expanded 2'72 to 4"46 
times, there was but little difference in economy between an expan- 
sion of 3"49 times and one of 4"46 times. We may, therefore, infer 
that an expansion of five times, under the conditions of these trials, 
using 80 pounds of steam, in single engines, is as much as can be ob- 
tained economically, and that the expansion should be somewhat re- 
duced for a pressure of 70 pounds. 

Referring to Table 6 C, it will be seen that, with the single engine 
of the Dexter, using an approximate steam pressure of 40 pounds ex- 
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panded 2'08 to 3"34 times, (the latter expansion is the more econom- 
ical) and that, with the engine of the Dallas, using an approximate 
steam pressure of 35 pounds, expanded 2"94 to 5"07 times, no loss, 
but rather a slight gain in cost of indicated power, is shown at an ex- 
pansion of 5"07 times, as compared with that at 3"89 times--this en- 
gine operating, as before stated, very economically at the pressure 
used. The results at the two expansions last named are, however, so 
nearly identical, that the cost for the net power (see Table No. 2) is 
least for the least expansion; considering the experiments on the 
Dexter and Dallas together, we may conclude that an expansion of 
3½ to 4 times is the most economical degree for steam pressures of 35 
to 40 pounds. 

Referring to Table 6 D, it will be seen that, even with the com- 
pound engine of the Bache, operated with an approximate steam pres- 
sure of 80 pounds, expanded 4.24 to 16.85 times, a loss resulted at 
the extreme degree of expansion, and that an expansion of 6 to 7 
times appeared to give the best results under the conditions of the 
trials. 

It is not practicable, with the information available (many experi- 
ments not having been put in shape for comparison), to calculate ac- 
curately the proper rates of expansion for different steam pressures, 
and it is probable that no fixed rule could be framed to include the 
modifications due to all conditions. We give the following provisional 
rule, with tabulated examples : 

(,6 E.) RUL~.--To the number representing the steam pressure 
above the atmosphere (P) add 37 ; divide the sum by 22 ; the quo- 
tient will represent, approximately, the proper ratio of expansion (/~) 
for that steam pressure. That is 

R _ _ ( P + 3 7 )  
22 

EXAMPLES : 

Steam pressure above atmosphere __~ P 5 10 25 40 60 80 100 
Ratio of expansion ~ R  1"9 2.1 2'8 3"5 4.4 5"3 6'2 

It  is probable that these ratios are nearly correct for single engines 
of large size with details of good design, too large for single engines 
of ordinary construction, and too small for the~,better class of com- 
pound engines. The rule, though provisional, is safer to follow than 
the uncertainties of personal opinion, and the variations oi ~ actual 
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practice. Further information cannot vary it materi~lly~ for the 
economy changes very little for expansions considerably greater or 
less than the most economical grade. The limit of expansion for the 
higher pressures are apparently well defined by the experiments dis- 
cussed, but there are indications that there is no loss in using some- 
what higher expansions than given by rule for steam pressures of 35 
to 40 pounds--of course, however, with results inferior to those ob- 
tained by using higher pressures. Further investigations are being 
made on this subject. 

(6 F.) As a general rule~ in constructing an expansive engine, to(~ 
much expansion is attempted and the cylinder is made much too large 
for the work to be done. This is particularly true in respect to en- 
gines designed to be operated expansively with high steam pressures. 
As previously referred to, the designing engineer, in almost every in- 
stance~ furnishes too much cylinder to work off the steam from a given 
boiler at the most economical degree of expansion for the pressure in- 
tended. This is one of the most important lessons to be learned from 
these experiments~ and many others as yet unpublished. Nearly all 
the marine engines constructed have cylinders of sufficient size to 
develop the power intended with a mean pressure of 25 to 20 pounds, 
and even lower. These experiments show clearly that it is not eco- 
nomical to expand high pressure steam sufficiently to produce so low 
a mean pressure~ and that with such large cylinders it would be nearly~ 
if not quite as well, to reduce the steam pressure and expansion (as 
we have complained previously, that the working engineers are in the 
habit of doing~ though to an unwarranted extent). The best results 
shown by these experiments were obtained with a mean pressure of 
34 to 37 pounds, when the boiler pressures were from 70 to 80 pounds~ 
and, therefore, the steam cylinders of non-compound high pressure 
condensing engines should be not more than two-thirds the size they 
are usually made. Engines so proportioned would not only work 
with greater economy~ but also with less expansion than those with 
larger cylinders, so that there would be a more equable pressure 
throughout the stroke when high steam was used, and less trouble to 
the engineer. Such an engine, properly constructed and operated, 
would probably require but about 15 per cent. more fuel than the 
best form of compound engine to do the same work. 

(6 G.) We are now constructing a non-compound high pressure 
condensing engine, which is fitted with expansive gear, adjustable 
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only between one-sixth and one-fourth the stroke. To manoeuvre the 
vessel, the cut-off must be thrown entirely out of gear~ and distribu- 
tion of steam effected entirely with main valve. It is hoped that the 
arrangement will prevent the temptation to reduced expansion~ which 
would take place to an important extent, even when using a cylinder 
of proper size for the work to be done. 

INDICATOR D~AGRAMs.--Annexed will be found specimens of the 
indicator diagrams taken during the principal runs. Diagrams for 
each series of experiments on the Bache have been selected with like 
steam pressures and traced together for facility of comparison. 

Hyperbolic curves have been dotted upon one series of the diagrams 
in such manner as to coincide with the experimental curves near the 
points of suppression. When the diagrams were taken~ the indicators 
were carefully adjusted so as to be perfectly free in their action, and 
in some of the diagrams vibrations of the pencil may be observed at 
the points of cut-off outside the true experimental lines. 

The diagrams considered together show a number of differences due 
to the various changes of condition As stated previously, the steam 
supplied by the boilers of the revenue cutters was probably super- 
heated slightly, and the expansion curves on diagrams/V ~, H, from 
their engines more nearly correspond with the Mariotte curves of ex- 
pansion than the majority of those from the engine of the Bache. 
The boiler of the Baehe was operated much below its power when fur- 
nishing steam at the high grades of expansion used (see 4 C), and as 
the steam room was large, the water level very steady, and extra pre- 
cautions had been taken to felt the boiler, steam-pipe and valves, the 
steam supply must have been delivered to the engine in about the same 
condition as if from a boiler without any superheating surface, or say 
very nearly saturated or containing but a slight percentage of moist- 
ure. The diagrams show, however, that liquefaction rapidly took 
place when the walls of the cylinder were alternately cooled and re- 
heated as described above, (3 C). When using the single cylinder of 
the Bache without steam-jacket (see diagram B), the expansion curve 
for bottom of cylinder fell below the Mariotte curve at first, but after- 
wards rose above it as re-evaporation took place. In the top of the 
cylinder~ however~ some water collected, and its re-evaporation during 
the expansion portion of the stroke caused the expansion curve to rise 
above the Mariotte curve at all times. At the highest grade of ex- 
pansion, with and without use of jacket, a loop was found on the din- 
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gram from the upper end of the cylinder iu two in~t.~nces (:~ shown 
in diagrams G), which disappeared upon opening the cylinder relief 
valve. 

These diagrams show that horizontal engines shouht be more eco- 
• nomical than vertical ones, for the reason that when properly con- 
~tructed, the cylinder can be kept drained at all times. 

When using the single cylinder of the Bache, with jacket (see dia- 
grams A), the moisture in the steam due to reheating the surfaces 
was re-evaporated throughout the stroke, causing the expansion curve 
to rise above the 3Iariotte curve in most cases. As before, the differ- 
ence is greater for the top of the cylinder and very large for the 
shortest suppressions. 

With the compound engine of the Bache, the expansion carte for 
the smaller cylinder which was not steam-jacketed (see high pressure 
diagrams D), also rises materially above the Mariotte curve. The 
cut-off valve faces were in excellent condition, making leaks improba- 
ble, so the difference is doubtless due also to re-evaporation of moist- 
ure. The exhaust from the smaller cylinder of compound engine is 
not so effective in carrying moisture out of the cylinder as in ordinary 
engines with less back pressure. The slight superheating of the 
steam on the Rush, together with the steam-jacket, was su~cient to 
prevent great variation of the two curves (see high pressure dia- 
gram/V). 

When the engine of the Bache was operated as a compound engine, 
without the jacket on the larger cylinder, there was a material reduc- 
tion of pressure in that cylinder throughout the stroke, as compared 
with that during the experiments with steam-jackets in use, which 
may be observed by comparing low pressure diagrams D and E, and 
the mean pressures shown in line '2,5 of Table No. 1. 

SUPERnEATI~(~.--In conclusion it may be observed that the dia- 
grams taken at the higher grades of expansion on the :Bache show 
such positive evidence of the presence of water in the cylinder (due 
doubtless, as has been stated, to internal condensation), that it may 
be claimed that by superheating the steam, the ratio of expansion 
could be economically increased beyond that shown by the Baehe ex- 
periments. In discussing this question, however (subject 6), the con- 
clusions were founded on the experiments both with the Bache, where 
there was probably no superheating, and with the cutters where the 
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conditions were favorable for the thorough drying of the steam. 
From both series, and other experiments avai!able, it is concluded 
that superheating will undoubtedly reduce the final cost, but it'does 
not appear that it will change in a material degree the most econom- 
ical point of cut-off for a given steam pressure. Superheating should, 
in fact, show b(~neficially in the same way as the steam-jacket and in 
a measure reduce the advantages shown by the latter. 

The variations above referrred to between the actual and :~[ariotte 
expansion curves, which show, doubtless, the presence of extreme in- 
ternal condensation, are frequently observed in marine engines using 
high grades of expansion, and in such cases we may naturally infer, 
from the whole evidence presented~ that there is also a loss of result 
compared with that obtainable with less expansion. In the ex- 
periments wi~h the single cylinder of the Boche, it may be noticed, 
incidentally, that tile expansion curves on diagrams from the bottom 
of the cylinder correspond closely with the Mariotte curves (particu- 
larly with steam-jacket in use), when the engine is ~orking at its most 
economical grade of expansion, and we have observed a similar cor- 
respondence in diagrams from both ends of the cylinder of horizontal 
engines, where provision was made to drain the water from the cylin- 
der at each stroke. 

The 5Iariotte curve has been used for comparison simply for con- 
venience, wittlout discussing the question whether it is the true ex- 
pansion curve or not. 

A r t i f i c i a l  Hardening of S a n d s t o n e . - - M a n f r e d  Lewin has 
tried with success in his quarries at Saxonia, and at :Neundorf, near 
Pirna, a process of impregnating sandstone. The stone there quarried 
is porous and readily absorbs water to a certain depth ; it is this fact 
which renders it possible to introduce a solution to harden the surface. 
Lewin impregnates the stone with solutions of an alkaline silicate and 
of alumina; there is thus formed an aluminum silicate within its 
pores, which gives to the surface considerable resistance. The solu- 
tions employed are made with soluble glass and with aluminum sul- 
phate. After the imprcgn~tion, the sandstone may be polished like 
marble, ~hich it then resembles closely, tteated to a high tempera- 
ture, the exterior lay(,r vitrifies and thus may be colored at p]easure. 
The coloration may even be obtained simply by mixing the desired 
pigment with one of tile two solutions used for the impregnation. 


